ABSTRACT In order to solve the problems of high gas consumption and low battery power in hybrid electric buses, the logic threshold control strategy is optimized by the key technology research of driving conditions, control strategy, and so on. First, driving condition data of hybrid electric buses are collected and analyzed, and three typical working conditions are selected. Second, the torque distribution control strategy is investigated based on the instantaneous optimization algorithm. The objective function of the instantaneous equivalent fuel consumption is derived. The process of solving the objective function is attributed to linear programming problem of the nonlinear objective function. The SIMULINK model of instantaneous torque distribution strategy is established based on equivalent fuel consumption. On this basis, the SIMULINK model of the function which can be integrated into the vehicle control model is established. Then, considering the actual driving conditions of the bus, the vehicle control strategy model is established in the MATLAB/SIMULINK environment, and the vehicle model established by the cruise software. Finally, the vehicle model is simulated under three representative working conditions. The main contribution of this paper is the optimized torque distribution control strategy to control hybrid electric bus's energy distribution and reduce emissions. The strategy can be obtained by combining the logic threshold torque distribution control strategy, along with the optimal engine torque and motor torque, which can be obtained by solving the objective function of instantaneous equivalent fuel consumption. Results show that compared with the logic threshold value torque distribution control strategy, the energy control strategy of the instantaneous optimization algorithm can further reduce gas consumption and maintain the state of charge value balance of the power battery.
b e
Instantaneous fuel consumption rate of the engine. b e_req Instantaneous required fuel consumption rate of the engine. b chg Average instantaneous fuel consumption rate of the engine when charging the battery. b chg Average fuel consumption rate of the battery charge in the n control period of the future under the current discharge condition.
b mc_chg
Fuel consumption rate of the battery charging at current time of battery charging condition. b cyc_chg The average fuel consumption rate. C Battery capacity at the current control cycle. C ess_rep Future compensation power of the battery. C ess_chg Power battery capacity when charging the battery. DEV SOC SOC value which deviates from the optimum value. Action time segments in the joint drive. M mode_6 Action time segments in the sliding charge. M mode_7 Action time segments in the brake energy operation mode. P drv Driving power.
G r

P fc
Engine output power.
P mc
Assisted motor power.
P mc_rep
Power of motor power generation.
P mc_chg
Motor power when charging battery.
P mc_rep
Power of the motor power generation.
P ess
Battery output power. P motorbrake Amendment power of the battery energy consumption under the regenerative braking mode. P motorcoast Amendment power of the battery energy consumption in the sliding mode. ρ Ratio of motor speed to transmission input shaft. R Transmission ratio of the main gear reducer and transmission gear box.
SOC lo
Lower limit value of the SOC. SOC 0 Best value of the SOC value.
SOC initial
Initial SOC value of power battery.
SOC hi
Upper limit value of the SOC value.
SOC final
Final SOC value of the power battery. U OC Battery voltage.
SOC
Discharge capacity of the battery within a certain period of time. t Runtime. t A certain period of time.
T fc
Instantaneous torque function of the engine.
T fc_min
Minimum torque value of the engine.
T fc_max
Maximum torque value of the engine.
T mc
Instantaneous torque function of the motor.
T wh
Instantaneous torque function of the wheel. 
I. INTRODUCTION
With the aggravation of global warming, shortage of natural resources and environmental pollution, the promotion of hybrid electric bus (HEB) has become one of the effective measures to reduce the energy consumption, relieve the urban traffic pressure, and improve the urban environment [1] - [3] . In many cities in China, such as Hangzhou and Beijing, hybrid buses are already on trial run, but their fuel efficiency rates are not ideal from the actual operating conditions [4] . Due to the irrationality of energy management strategies, some hybrid electric vehicles have a designed fuel saving rate of 30%, but it can only reach 10% or even less in actual operations [5] .
Because of its good real-time and easy popularization, logic threshold control strategy is used to control vehicles. The formulation of logical rules is usually based on work characteristic diagrams or expert experience of some components [6] , [7] . However, due to the restriction of some objective constraints, the logic based energy management strategy is not optimal for long time complex vehicle operations. Besides, the traditional control strategy does not consider actual driving conditions affected by some dynamic factors [8] . It can only ensure engine working in high efficiency, but does not consider energy loss of the motor or energy conversion. Through the investigation of the actual vehicle running status, it is found that the gas consumption of the HEB is not up to the ideal standard, and the battery state of charge (SOC) is in a low state. In the mean time, the maintenance of SOC is not well [9] , [10] . SOC is also called residual power and represents the ratio of the remaining capacity of a battery over a period of time or a long period of time to the capacity on a fully charged state [11] , [12] . So the control strategy cannot reach the best efficiency of the whole powertrain [13] - [15] . Because the optimization ability of the logical rule control strategy is limited, the research focus is shifted to energy control strategy based on optimization algorithm and actual driving cycles [16] , [17] .
In this paper, the instantaneous optimization algorithm is used to design the HEB energy control strategy. The instantaneous optimization control strategy can consider the equivalent fuel consumption of the engine and battery consumption [18] , [19] . According to the current speed and demand torque, the reasonable distribution of the engine torque and motor torque can make the equivalent fuel of engine fuel consumption and the consumption of battery power reach the minimum instantaneous value. The control strategy can also consider the vehicle economy and limitations of emissions by setting up a set of weight coefficients [20] .
Through the analysis of bus driving cycles, three representative working conditions are selected and the instantaneous optimal control strategy is used. According to modeling principles and actual driving conditions, the vehicle control strategy is designed on the Matlab/Simulink platform. The vehicle model is established and simulated by cruise software [21] . Under the premise of keeping the power, the goal is to improve the economic performance of the vehicle, further reduce the gas consumption, maintain the balance of battery power and develop an exclusive control strategy which is suitable for the HEB route [22] .
In comparison with the existing studies, this work makes three distinctive contributions:
(1) The objective function of instantaneous equivalent fuel consumption is established, according to the definition of instantaneous equivalent fuel consumption and the instantaneous optimization algorithm. On this basis, the SIMULINK model which can be integrated into the vehicle control model is established.
(2) Three actual driving conditions of the HEB can be obtained by the statistics, according to the operating data of hybrid electric buses. In the future, they can be used as vehicle driving cycles for the HEB simulation.
(3) The optimal engine torque and motor torque can be obtained by solving the objective function of instantaneous equivalent fuel consumption at the present moment. Based on the logic threshold torque distribution control strategy and the optimal torque of the engine and motor, the optimized torque distribution control strategy can be designed.
The remainder of this paper is structured as follows: Section II describes the design of the actual driving conditions. In Section III, based on instantaneous optimization algorithm, the torque distribution control strategy is presented and applied to the run of HEBs. Its comparisons with logic threshold torque distribution control strategy and simulation result analysis are conducted in Section IV. In Section V, conclusions and further research topics are presented.
II. DESIGN OF ACTUAL DRIVING CONDITIONS
According to the characteristics of bus driving conditions, it is necessary to develop a suitable road test, collect and analyze the data [23] , [24] . The flow chart of the data collection, collation, and analysis is shown in Fig.1 .
A. DATA COLLECTION OF THE ACTUAL DRIVING CONDITION
The paper selects a hybrid power bus which has the fixed route. Driving conditions of HEB have certain regularity [25] . The process of collecting data is as follows
Step 1: the experimental vehicle is selected with better condition.
Step 2: the real driving data is collected by CANOE data collector, which is the abbreviation of the CAN open environment. It is a bus development environment developed by vector company of Germany, and is mainly designed for the development of automotive buses. The sampling time is set to 0.01s, and the main data acquisition includes: vehicle speed, time, acceleration, deceleration, SOC value, the engine operating point distribution in each stall and so on.
Step 3: the duration of the data collection is a month, the data collection starts at 6 a.m. and ends at 8 p.m., and the collected data has 400 hours of the accumulated time and 480 sets of data.
According to the changes of vehicle load, three kinds of actual driving conditions are analyzed from the collected data. They are divided into light load smooth (average 15 people), middle load slow heavy traffic (average 30 people) and heavy load congestion (average 60 people) [26] . The average values of the parameters are shown in Tab.1 under the three load conditions.
B. DATA ANALYSIS OF THE ACTUAL DRIVING CONDITION
According to analysis results of thirty groups, we can see that the average speed of light load is higher, which can reach 17km/h. In the case of heavy load condition, the average speed is only 10km/h. In the running data of a week, the proportion of light load condition is 39%, the proportion of the middle load condition is about 31%, and the proportion of the heavy load condition is 30%. And heavy load conditions are mainly in the morning and evening.
Actual operating characteristic parameters of three conditions of HEB are shown in Table 1 . Statistical analysis can get curves that the actual operating speed of the vehicle can change with time under three conditions, including the light load, middle load and heavy load, see The current driving state can be obtained by characteristic parameters of the Table 1 and speed curves under different conditions. Based on these typical conditions, the optimal energy control strategy is simulated.
III. TORQUE DISTRIBUTION CONTROL STRATEGY BASED ON INSTANTANEOUS OPTIMIZATION ALGORITHM
Among control strategies of hybrid electric vehicles, the adopted instantaneous optimization algorithm is used to optimize the output torque of the engine and the motor, so that fuel consumption of the power assembly is minimized at each moment [27] . Generally, the objective function of instantaneous equivalent fuel consumption is established. Then, the minimum value of the objective function is obtained. Finally, the output torque of engine and motor is obtained [28] . Based on the above concepts, the process of this study is shown in the Fig. 5 .
A. OBJECTIVE FUNCTION OF THE INSTANTANEOUS EQUIVALENT FUEL CONSUMPTION
The instantaneous optimization algorithm is the instantaneous optimized output torque of the engine and motor so that each moment fuel consumption of vehicle power assembly can reach the minimum value [29] , [30] . The instantaneous equivalent fuel consumption is described by the objective function [31] - [33] . 
B. INSTANTANEOUS EQUIVALENT FUEL CONSUMPTION CALCULATION
According to the usage of battery, the equivalent fuel consumption can be divided into two kinds of operating conditions at the current time of the battery discharge and charge. Basic operating route parameters of HEB are shown in Table 2 [34], [35] . The formula of the instantaneous equivalent fuel consumption is separately calculated under the two kinds of conditions [36] , [37] . The HEB structure diagram is shown in Fig.6 .
where fc is the engine, mc is the motor, wh is the wheel, k is the number of shift, T is the torque; ω is the speed, gb is the gear-box, R(k(t)) is the transmission ratio of the main gear reducer and transmission gear box when the number of shift is k, ρ is the ratio of motor speed to transmission input shaft, η is the efficiency, and t is the runtime. The full name of AMT is automated mechanical transmission.
According to the mechanical connection among components, the rotational speed relationship is:
The torque relationship is:
where the efficiency η gb is determined by the torque of the positive and negative.
Due to the limitation of mechanical connection, torque conditions are as follows.
Because the speed is also limited by the mechanical connection, the conditions are as follows.
One of control strategy functions is to keep the balance of battery power as much as possible. Therefore, there is the following relationship.
At every sampling time t, ω wh (t) will be detected. T wh (t) is the demand torque signal of the wheel which is calculated through the given demand torque signal of the accelerator pedal [38] . 
1) BATTERY DISCHARGE CONDITION AT PRESENT TIME
The battery discharges at the current moment, and the battery charges for a period of time in the future. Fig.7 shows the battery energy flow. The present represents the current state of the battery work. The future is expressed to maintain the balance of the SOC value.
where T is torque, ω is speed, η e is the work efficiency of the engine, η mc is the working efficiency of the motor, η chg is the battery charging efficiency, η dis is the battery discharge efficiency, and P drv , P fc , P mc , P mc_rep , P ess are respectively the demanded power, engine output power, power assisted motor power, the power of motor power generation, the battery output power.
The power battery provides some power to propel the vehicle forward at the sampling instant t. At the same time, the remaining power is provided by converting fuel into heat energy from the main fuel tank of the engine. In the current state of the battery power generation, the schematic diagram of the engine operating point change is shown in Fig.8 .
The required driver power is P drv . When the battery is discharged, the motor is in the state of electric power, and the driver's demand power is shared by the engine and motor. Due to the motor involvement, the engine operating point decreases from A to B. According to characteristics of compressed natural gas (CNG) engine, the instantaneous fuel consumption rate is increased. But the motor energy conversion efficiency is higher, and the overall fuel consumption is reduced. In the future, when the battery is charged, the engine operating point increases from D to C. Thus, the fuel consumption rate is reduced. It is beneficial to make the engine work in the high efficiency area. There must be an intersection in the two contradictory states. Under the condition of keeping the balance of SOC value, the instantaneous equivalent fuel consumption is the lowest. This establishes a more explicit direction and target for establishing and solving the objective function of instantaneous equivalent fuel consumption [39] , [40] .
Under current discharge conditions, the instantaneous equivalent fuel consumption is calculated as follows. In the future of a control cycle, when the battery is charged, the engine output power is P fc0 , which expresses the engine power when the engine independently demands power. The instantaneous fuel consumption rate of the engine is b e0 . During the battery charging, engine operating points rise. At this time, the engine power is P fc1 , and instantaneous fuel consumption rate is b e1 . Then, the motor power P mc_rep is negative for the generation state.
By the demand power of the vehicle, the relationship between the engine output power and motor output power is:
According to the formula (9), b e0 and b e1 , the instantaneous fuel consumption rate of the motor can be derived from the motor (compensation) charging power P mc_rep .
The instantaneous fuel consumption of the motor can be obtained by the formula (10) 
The formula (12) is brought into the formula (11), we can obtain the formula (13) .
Assuming that the battery discharge capacity is C at the current control cycle, according to the relationship among the power, current, voltage, and the efficiency of the motor and battery discharge efficiency, the current circulation power of battery can be got by the formula (14) .
In the next period of time (charge), we assume that at the power of the N control cycle, the power relationship is the formula (15) in the i control cycle.
In order to maintain the balance of the battery, the battery compensation and the battery discharging quantity are equal at the current control cycle. For each control cycle, the sum of the charge quantity of the battery is calculated in the N control cycle. The future compensation power C ess_rep is:
The instantaneous fuel consumption of the motor is m rep_i during the i control period.
The instantaneous fuel consumption of the motor within the N control cycle is:
When the battery is compensated in the N control period, the equivalent fuel consumption rate of the motor is:
C is obtained by the formula (14) and (16) .
The relationship between the discharge power P mc at the current time and charge power of the next N control cycle is given by the formula (21) .
where η mc and η dis are respectively the motor efficiency and battery discharge efficiency at present time. η mc and η chg are respectively the average efficiency of the motor and the average charge efficiency of the battery in the N control period. The formula (19) can be turned into the formula (22) .
The formula (22) is simplified below.
Finally, when the battery discharges at the current condition, the equivalent fuel consumption rate of the motor is:
2) BATTERY CHARGING CONDITION AT PRESENT TIME Fig.7 shows that the battery is charged at the current time, and discharged at a certain period of time in the future. Finally, it can balance the SOC value. Due to the participation of the motor, fuel consumption is reduced. In order to be consistent with the power symbol of the battery discharge, the equivalent fuel consumption is negative in the case of battery discharge [41] , [42] . The energy flow diagram of battery power consumption conditions in the future and the diagram of the engine operating point changes at the current time of the battery charge are shown in Fig.7 . At the sampling time t, the battery provides partial power for propelling the vehicle forward, while the remaining power is supplied by the engine. The diagram of the engine operating point changes at the current time of the battery charge is shown in Fig.9 . Under current charging conditions, the instantaneous equivalent fuel consumption is calculated as follows. Current driver's power demand for vehicles is P drv . When the battery is charged at the present time, the motor is in the state of power generation. Because the driver's demand power and the power of the charge battery are supplied by the engine, the engine operating point increases from A to B. According to characteristics of CNG engine, the instantaneous fuel consumption is reduced, and the engine operating point moves toward the high efficiency zone.
In the future, the motor enters the joint drive mode, or the vehicle starts from the idle mode. Meanwhile, the battery is discharged. The engine operating point decreases from D to C, and fuel consumption is increased, as shown in Fig.10 . But the consumption of electric energy can be compensated by the high conversion rate of electric energy when the motor is driven. There is a certain intersection point between the two kinds of battery. Under the condition of keeping the balance of SOC value, the instantaneous equivalent fuel consumption is the lowest [43] .
At the present time, the engine output power is P fc2 (T 2 , ω 2 )(P fc2 = P drv ), and the instantaneous fuel consumption rate of the engine is b e2 . Due to the battery charging, engine operating points rise. At this time, the engine power is P fc3 (T 3 , ω 2 )(P fc3 > P drv ), and the instantaneous fuel consumption rate is b e3 . Because the motor is under the state of power generation, the motor torque P mc_chg (P mc_chg < 0) is negative at this time.
Due to the fact that vehicle demands power, the relationship between the engine output power and motor output power is: (25) According to the formula (25) , b e2 , and b e3 , the instantaneous fuel consumption rate of the motor is derived when the motor charging power is P mc_chg .
The instantaneous fuel consumption of the motor can be obtained by the formula (26) and P mc_chg .
The battery charging capacity is C at the current control cycle. According to the relationship among the power, current and power, and voltage, considering the efficiency of the motor and the battery charge efficiency, the current control cycle battery charge C can be attained.
In order to maintain the balance of battery power, the battery consumption is equal to the battery charge at the current control cycle in the future. For each control cycle, the sum of the discharge quantity of the battery is calculated in the N control cycle. It can get the future compensation power C ess_consum . (29) Assuming that the formula (28) and formula (29) are equal, we can get the motor power. (30) where η mc and η chg are respectively the motor efficiency and battery charging efficiency at the current time; η mc and η dis are respectively the average efficiency of the motor and the average discharge efficiency of the battery at the N control cycle. By formula (27) and formula (30), we can get the equivalent fuel consumption rate of battery power consumption can be got in the future.
The above type can be decomposed as the next type. (33) where b mc_chg = P fc3 b e3 −P fc2 b e2 P mc_chg . When the battery is charged at the present time, the instantaneous equivalent fuel consumption calculation formula of the motor is:ṁ
C. RECOVERY OF REGENERATIVE BRAKING ENERGY AND SLIDING ENERGY
In the power generation mode, the engine is provided the demand power of the vehicle, while the battery is charged at the same time. The battery can also be recovered by the recovering of sliding and braking energy [44] . In order to maintain the battery power balance, the energy consumption of the battery needs to be modified in the process which establishes the objective function.
where M mode_1 , M mode_6 and M mode_7 are respectively the action time segments in the joint drive, sliding charge and brake energy operation mode. The braking and sliding segments of the vehicle are not predictable in the driving process. To calculate the motor power, the compensation energy of the battery should be considered at the braking and coasting fragment when the vehicle is in the joint drive model. Thus, the correction of energy consumption of the battery can be completed. Under the modified current discharge condition, the instantaneous equivalent fuel consumption functions of the motor are the formula (41) and (42) . (38) where b chg and b mc_chg are respectively the average fuel consumption rate of the battery charge in the n control period of the future under the current discharge condition and the fuel consumption rate of battery charging at current time of battery charging condition. b chg and b mc_chg VOLUME 5, 2017 are approximately replaced by the average fuel consumption rate b cyc_chg . Table 3 lists results of the simulation of the original car under three typical operating conditions, which includes the regeneration power of the braking energy, the energy of the sliding charge, and the average fuel consumption rate of the battery compensation conditions.
D. OBJECTIVE FUNCTIONS OF THE INSTANTANEOUS EQUIVALENT FUEL CONSUMPTION 1) ESTABLISHMENT OF THE OBJECTIVE FUNCTION
The formula (37) and (38) can be changed into the following forms.
where P motorbrake is the amendment power of the battery energy consumption under the regenerative braking mode. P motorcoast is the amendment power of the battery energy consumption in the sliding mode. Simultaneous hypothesis,
The general expression of the instantaneous equivalent fuel consumption control algorithm is:
The expression form of the torque speed becomes the power, and the deformation is the formula (44) .
The final expression of the instantaneous equivalent fuel consumption control algorithm is as follows in this paper.
2) OBJECTIVE FUNCTION SOLUTION OF THE OPTIMAL VALUE
The optimal solution of the objective function is obtained by the method of nonlinear programming, and the power allocation ratio is determined. General constrained nonlinear programming problems are described the formula (47) .
where (48) where fun is the object function, x0 is the initial value, nonlc is nonlinear constraint conditions, options is optimization options (generally default), x is the value which is obtained by the optimization function. If exitflag > 0, x is the solver, or x is not the final solver which is only the value of the optimization process when the iteration is stopped. The fval is the value of the objective function for solving x, exitflag is the description launch condition, exitflag > 0 expresses the objective function that converges to the solution x, exitflag = 0 expresses the maximum number of function evaluation or iteration, exitflag < 0 expresses the objective function which does not converge. The output contains the optimization result information: Iteration is iterations, Algorithm is the adopted algorithm, and FuncCount is the number of evaluation times.
E. CORRECTION METHOD OF THE SOC VALUE
K soc is the penalty coefficient of SOC value. The SOC value of the battery is divided into the lower limit value, best value and upper limit value. When the SOC value of the battery is near the optimum value, K soc is near 1, or K soc is gradually increasing. At present, there are two kinds of mathematical expressions for the SOC value penalty coefficient of the battery. One is the tangent function [45] , the other is a piecewise function of the coupling between the cubic curve and quartic curve [46] . According to the change trend of the SOC value in the actual operation process, the piecewise function, which is the coupling of the three curve and the four curve, is more suitable. Because the driving operating conditions of the hybrid bus change more often in the driving process, starting and stopping frequently, the chance of the vehicle entering the charge mode is rare. By adjusting the parameters of the penalty coefficient curve during the SOC value of the second kinds of batteries, the optimal value and the upper limit value of the battery SOC value change relatively more smooth. However, SOC value change changes dramatically at the near lower limit value. Thus, the SOC value can be maintained better in the range of high efficiency at the charge and discharge status, and avoid the situation of the low battery power [47] .
The expression form of the piecewise function, which is formed by the coupling of the cubic curve and quartic curve, is the formula (35) .
where DEV soc is the size of the SOC value which deviates from the optimum value. SOC lo , SOC 0 and SOC hi are respectively the lower limit value, the best value and the upper limit value of the SOC value. According to the need, a, b, and c can select the appropriate coefficient. When DEV soc ≥ 0
When DEV soc < 0,
IV. MODELING AND SIMULATION
According to the HEB structure, the vehicle model is built in the Cruise software and shown in Fig.11 [48] . Based on torque distribution control strategy, the Simulink model of the instantaneous optimization algorithm is integrated into the whole vehicle controller by the Interface and Cruise software. Through the joint simulation, the simulation is carried out on three typical cases of light load, middle load and heavy load, as shown in Fig.12 to Fig.14. Gas consumption results are shown in Table 4 . Simulation results demonstrate the torque distribution control strategy of the instantaneous optimization algorithm can can be better guaranteed. Besides, the battery power can be well balanced. The HEB gas consumption is low, as shown in Table 4 .
V. CONCLUSION
In order to reduce the gas consumption and maintain a good battery power balance, this paper adopts the instantaneous optimization algorithm to optimize the energy control strategy of HEB. Firstly, driving condition data of parallel HEB is collected and analyzed, and three kinds of representative driving conditions are obtained, which are respectively light load, middle load and heavy load. Secondly, objective functions of instantaneous equivalent fuel consumption are set up by the instantaneous optimal control algorithm. The objective function includes the current instantaneous oil consumption of engine and motor instantaneous fuel consumption. When instantaneous fuel consumption of the electric machine is analyzed, the condition of the present moment is divided into the current condition of battery power compensation and the current battery power consumption condition. The instantaneous fuel consumption equation of the electric machine is established on two kinds of working conditions. Meanwhile, in order to maintain the balance of the battery, fuel consumption items of the electric machine introduce "battery SOC value of penalty coefficient". The process of solving the objective function is attributed to the nonlinear objective function of linear programming problem. Then, considering actual driving conditions, and based on the objective function, the model of the instantaneous optimal control algorithm is established which is integrated into the vehicle model. Finally, the HEB instantaneous optimal control model is simulated under three representative driving conditions. Its application for the designed control model of HEBs is shown to demonstrate the proposed instantaneous optimal approach. Simulation result analysis and comparison of the fuel economy with the existing methods are performed. The results show that:
(i) Under three kinds of representative driving conditions, the simulation speed is close to the actual speed. It shows that the cycle conditions used in the simulation can be close to the actual driving state. It provides a real vehicle driving condition to verify the effectiveness of the vehicle energy control strategy. (ii) As can be seen from the Fig.11, Fig.12, and Fig.13 , the torque distribution control strategy, which is based on the instantaneous optimization algorithm, can effectively control operating points of the engine and electric machine in the high efficiency area. Work efficiency of the engine and electric machine are improved. (iii) As can be seen from the Fig.11, Fig.12, and Fig.13 , SOC value of the battery power can be well maintained in a certain range. The service life of the battery and the utilization ratio of the electric energy are improved by the instantaneous optimal control strategy. (iv) Compared with the logic threshold value torque distribution control strategy, the torque distribution control strategy of the instantaneous optimization algorithm can effectively reduce gas consumption under the premise of ensuring the power of HEBs. Future studies should focus on integrating the developed procedure of the HEB control model into a computer design support system for verifying the effectiveness of the designed control strategy by real vehicle tests [49] - [52] . Moreover, more advanced optimization algorithms need more in-depth theoretical research in the future [53] , [34] .
